Background: Recent trends in alcoholic liver disease, alcohol-related emergency room admissions, and alcohol use disorder prevalence as measured by general-population surveys have raised concerns about rising alcohol-related morbidity and mortality in the United States. In contrast, upward trends in per capita alcohol consumption have been comparatively modest.
A NUMBER OF indicators point toward sharp increases in alcohol-related problems in the United
States over the past 10 to 15 years. After a 25-to 30-year decline, the death rate from liver cirrhosis flattened in the mid-1990s and began to increase around 2006 (Yoon and Chen, 2016) . Much of this increase appears to be driven by alcohol-related deaths. Between 2006 and 2016, the death rate from alcoholic liver disease increased over 40% from 4.1 per 100,000 in 2006 to 5.9 per 100,000 in 2016, while death rates from fibrosis and cirrhosis not specified as alcoholrelated remained approximately unchanged between the years 2000 and 2016 (Centers for Disease Control and Prevention, 2017b) . A sharp increase in alcohol-related emergency department visits over the years 2006 to 2014 has also been reported, with the majority of the increase occurring among people aged 45 and older (White et al., 2018) . Finally, a recent analysis of data from 2 administrations of the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC) concerning the prevalence of past-12-month DSM-IV alcohol use disorder (AUD) among U.S. adults aged 18 and over suggested a nearly 50% increase over an 11-year period based on 2 surveys conducted in 2001 /2002 and 2012 , respectively (Grant et al., 2017 . This was accompanied by a nearly 30% increase in high-risk drinking, defined as engaging in 1 or more binge drinking episodes-4 drinks in a day for women or 5 drinks in a day for men-on a weekly basis or more frequently during the prior 12 months.
Puzzlingly, these increases in alcohol-related morbidity and mortality have been accompanied by comparatively small increases in per capita alcohol consumption as measured by excise tax receipts, which rose approximately 6% during the 2002 to 2013 time period (Haughwout and Slater, 2017 ). This does not rule out the possibility of large increases in AUD prevalence, but generally one would expect large increases in AUD prevalence to be accompanied by large increases in per capita consumption, because the vast majority of alcohol is consumed by the heaviest of drinkers (Grucza and Plunk, 2016; Kerr and Greenfield, 2007) . Furthermore, data from other survey sources do not necessarily indicate large increases in the prevalence of AUD or binge drinking. The National Survey on Drug Use and Health (NSDUH)-the only other source of data for AUD trends in the United States-suggests a roughly 5% decline in past-12-month AUD prevalence among adults during this same period (Cheng et al., 2018) . Furthermore, NSDUH results indicated relatively flat rates of frequent binge episodic drinking among adults over 25 during this time period, and a decline for younger adults aged 18 to 25 (Substance Abuse and Mental Health Services Administration [SAMHSA], 2015) . Estimates from the National Health Interview Survey (NHIS) suggested an increase in binge drinking prevalence during this time period (Centers for Disease Control and Prevention, 2004, 2016) , but not as large as the increase suggested by the NESARC. Thus, 3 high-quality series of epidemiological surveys of the U.S. general population have yielded widely discrepant estimates of trends in binge drinking; estimated trends for AUD from the 2 available sources of data on that outcome diverged even more.
These discrepant survey results raise the question as to whether the trends in deaths from alcoholic liver disease and emergency department admissions are due to acrossthe-board increases in alcohol use and misuse, or whether changes in other risk factors, possibly coupled with demographic-specific increases in binge drinking, might explain these trends. For example, the prevalence of alcoholic liver disease could be impacted by population-level changes in obesity, viral hepatitis, demographic shifts that could include changes in the prevalence of genetic risk factors, shifts in beverage type and consumption patterns, or any combination of these factors (Askgaard et al., 2015; Hatton et al., 2009; Ikeda et al., 1993; Wetterling et al., 1999; Zaldivar Fujigaki et al., 2015) . Similarly, the fact that the increases in emergency department admissions noted by White and colleagues (2018) were largely concentrated among middle-aged people suggests that the increase might be driven by a combination of alcohol use and risk factors associated with age rather than acute alcohol consumption per se. Consistent with these observations, rates of alcoholrelated traffic deaths and other alcohol-related injury deaths among young adults (ages 18 to 25) have declined in recent years (Hingson et al., 2017) .
Resolving these discrepancies in alcohol trends among regularly or periodically administered general-population survey series is essential for prioritizing prevention and treatment efforts. If rates of excessive alcohol use have increased as dramatically as suggested by NESARC trends, then primary universal prevention efforts should be prioritized and dramatic increases in the number of individuals seeking treatment can be anticipated. If, on the other hand, upward trends are more modest, then it might be more important to identify areas of progress and focus on subpopulations for which problems have increased. To this end, the objective of the work reported here was to conduct a meta-analysis of alcohol trend data across 6 publicly available and regularly administered nationally representative cross-sectional surveys. We focus on 2 measures: prevalence of any alcohol use and prevalence of engaging in 1 or more binge drinking episodes. These measures are available in 6 national surveys, allowing us to synthesize data from as many sources as possible. Further, binge drinking as measured by surveys is a strong predictor of both acute alcohol-related problems such as accidents and injuries, as well as long-term morbidity and mortality (National Institute on Alcohol Abuse and Alcoholism, 2000; Plunk et al., 2014) . By combining data from these 6 series of national surveys from 2000 to 2016, we were able to assemble data from 61 individual survey administrations and over 7 million participants.
MATERIALS AND METHODS

Data Sources
In addition to the NESARC, NHIS, and NSDUH series, we utilized data from the Behavioral Risk Factor Surveillance System (BRFSS), the National Health and Nutrition Examination Survey (NHANES), and the National Alcohol Survey (NAS). The 6 sets of surveys we analyzed are all designed to be nationally representative of the noninstitutionalized adult U.S. population, but may vary with respect to the sampling universe and other methods. Links to sources with methodological details about each survey as well as available data are provided in Table S1 . All surveys utilize multistage complex sampling and all are administered at the national level, with the exception of the BRFSS, which is administered by individual states. All 50 states and the District of Columbia participated in the BRFSS during the period studied (Centers for Disease Control and Prevention, 2017a) . Data for all surveys except the NESARC and NAS were downloaded from publicly available Web sites; for the BRFSS and NHANES, these data are curated by the Centers for Disease Control and Prevention. For the NHIS, we used the Integrated Health Interview System, which is part of the Integrated Public Use Microdata Series (IPUMS) maintained by the University of Minnesota Population Research Center (Minnesota Population Center, 2017) . NSDUH data were obtained from the Inter-university Consortium for Political and Social Research housed at the University of Michigan (ICPSR, 2017) . NAS data were analyzed at the Alcohol Research Group (ARG, Emeryville, CA), which oversees survey administration. Data from the 2001/2 NESARC survey were obtained when data were made publicly available via the NESARC Web site. NESARC-III data, collected in 2012/13, were obtained by a data use agreement from the National Institute on Alcohol Abuse and Alcoholism (to KJS). NESARC data were analyzed at the University of Missouri (Columbia, MO). For all surveys, we used available data from the year 2000 to the most recent available year. We accounted for word or other interview changes across years by dummy variable adjustment as described below. Selected key survey characteristics, including total sample sizes and the approximate range of response rates, are summarized in Table 1 .
Alcohol Use Measures
Our primary variables of interest were prevalence of alcohol use and prevalence of any binge drinking episode. All outcomes were assessed over either past-30-day or past-12-month time frames, as enumerated in Table 1 . For brevity, we will use the terms "past month" and "past year" hereafter to describe the time frames. Alcohol use was assessed on a past-year basis, except for the BRFSS, which assessed alcohol use over the past month. We operationalized alcohol use as 1 or more drinking days during the specified time frame. For all surveys except for the BRFSS, alcohol use was assessed by a question about whether the participant had consumed 1 or more drinks over the past year. The BRFSS utilized a similar question about past-month alcohol use during the 2005 to 2010 period, but for other years asked about the number of drinking days in the past month without a preceding conditional branching item. For all surveys except NESARC, binge drinking episodes were initially queried as 5 or more drinks during 1 day (NHIS, NHANES, NAS) or 1 occasion (BRFSS, NSDUH). The NESARC assessed the frequency of consuming 5 or more drinks for all participants and 4 or more drinks for women specifically. For NESARC analyses, we opted to utilize the 4-drink threshold for women and 5-drink threshold for men for both waves. The NHIS, BRFSS, and NHANES switched to a 4-drink threshold for women during the observation period (see Table 1 ). We examined the prevalence of any binge drinking episode over the past year (NHIS, NESARC, NHANES, NAS) or past month (NSDUH, BRFSS).
Demographics
For all analyses, we estimated outcome prevalence for each survey administration for the full population and by demographic groups and examined overall and demographic-specific trends for each outcome. Demographics included sex, race/ethnicity, age, and educational attainment. Recoded variable definitions followed those used by Grant and colleagues (2017) except in the case of age, for which we divided the samples into the following groups: 18 to 29, 30 to 49, 50 to 64, and 65 and older. We divided the samples this way because single-year age groups are not available in public-use NSDUH files, so the available NSDUH age recodes were applied to other surveys. Race/ethnicity was categorized as White, Black, Native American (including Alaska Native), Asian/Pacific Islander -all non-Hispanic, and Hispanic of any race. NHANES did not include "Native American" as a response option, so prevalence estimates for this group are not included for NHANES. For the NAS, because of a survey design change eliminating oversampling of the least populated states, the estimates for Native American/Alaska Natives for the most recent NAS are much lower than estimates for previous years. Therefore, this group is omitted from NAS trend analyses. Education was coded as less than high school, high school only, or more than high school (e.g., college degree, some college, or other postsecondary education). We did not examine all sociodemographic categories studied by Grant and colleagues (2017) because of difficulties in harmonizing categories across surveys and across years within some surveys.
Statistical Methods
All analyses were conducted in SAS version 9.3(SAS Institute, Inc., Cary, NC), Stata version 14(StataCorp LLC, College Station, TX), or SUDAAN version 11(RTI International, Research Triangle Park, NC), and utilized procedures capable of incorporating survey weights and design variables into variance estimation algorithms. Full-population prevalence estimates were calculated for each administration of each survey and analyzed graphically. To characterize time trends for both the full population and for demographic subpopulations within each survey, we used log-binomial regression to model prevalence as a function of year. This yields an estimate of the relative risk (RR) associated with year, which is related to the average annual percentage change in prevalence, calculated as 100* (RR -1). For example, an RR of 1.02 indicates that the relative increase in prevalence is 2% per year. To summarize overall and demographic trend analyses graphically, we utilized forest plots of the estimated trend regression coefficients (b) from each survey. The regression coefficient is the natural logarithm of the RR; for small values of b (e.g., À0.09 to 0.09), the RR can be approximated by 1 + b with accuracy to the second decimal place and the average annual percentage change is 100*b. We sometimes refer to the estimated 10-year percentage change for a given outcome and/or group, which can be calculated as 100*(RR 10 -1). To account for changes in item content, such as the switch to a 4-drink binge drinking threshold for women, we incorporate dummy variables into the model to estimate separate intercepts for years assessed with separately worded items, while assuming a constant slope. Accordingly, the change from a 5-to a 4-drink threshold will appear as a step function in the modeled trend line (see Fig. 1 ). An additional dummy variable was incorporated to account for a major redesign in the BRFSS in 2011 (Centers for Disease Control and Prevention, 2012).
Meta-Analysis
To estimate a meta-analytic regression coefficient related to the average annual change in prevalence, we used the PROC MIXED procedure in SAS to regress the logarithm of annual prevalence estimates on year with a class variable for survey incorporated as a random intercept term. Prevalence estimates were weighted by the inverse variance (square of the standard error). A random effect for survey was chosen over a fixed-effects approach because there was clear heterogeneity in the estimates for overall time trends. (For example, I
2 is a parameter often used in meta-analyses to quantify the proportion of total variance that is due to differences in effect sizes as opposed to sampling error. I 2 for both full-sample trend analyses of both outcomes was greater than 99%.) As with the trend analyses described previously, dummy variables were used to adjust for any effects that changes in item wording may have had on prevalence estimates while maintaining the assumption of linearity for year-to-year change in the logarithm of the prevalence. Sensitivity analyses were also conducted to gauge the relative influence of each survey on the meta-analytic trend estimate. Specifically, each survey was removed from the analysis one at a time and the remaining 5 surveys were used to conduct the analyses described above.
Simulated Trends Based on Meta-Analysis
Although the meta-analysis yields an overall estimate of relative change, the random intercepts result in separate prevalence estimates for each survey (which are expected to differ as evident from Fig. 1 ). To visually compare magnitudes of absolute change and rank-order prevalence over time, we used the meta-analysis trend estimates in conjunction with prevalence for each outcome and each demographic group from the 2002 NSDUH to calculate overall and demographic-specific trend lines. The NSDUH prevalence estimates and the survey year (2002) are simply reference points to establish the intercepts in the modeled trend lines and are somewhat arbitrary, although the choice to use NSDUH is partially justified by the results showing that NSDUH trends were closest to those from the meta-analysis. Simulated prevalence for each outcome was calculated as P iy = exp(ln(P i, NSDUH02 ) + (Y-2002)*b i )), where P iy is the simulated prevalence for that group as a function of year, P i,NSDUH02 is the NSDUH prevalence estimate for 2002 for group i, Y is year, and b i is the meta-analytic trend estimate for that group.
RESULTS
Substantive results for both the alcohol use and binge drinking analyses are presented first, focusing on overall trends and meta-analysis estimates. Brief summaries of between-survey differences in estimates for both outcomes are presented afterward. When describing differences between demographic groups with respect to meta-analysis trend estimates, differences in estimates are significant at p < 0.001 unless otherwise noted.
Alcohol Use Prevalence
A plot of the annual estimates for prevalence of past-year (or past month for BRFSS) alcohol use for each survey is presented in Fig. 1A with trend lines derived from log-binomial regression analyses as described in the Methods section. The individual and meta-analytic regression parameter estimates describing trends in prevalence for the full population and for each specific demographic group are shown in Fig. 2 in forest plot format; regression coefficient estimates and standard errors are tabulated in Table S2 . Those estimates were converted to parameters describing the average 10-year change, and these are summarized in Table S3 . Prevalence estimates for years 2002 and 2013 for each survey and each demographic group are provided in Table S4 to provide readers with baseline prevalence and reference points to gauge the magnitude of observed absolute change within each survey.
Meta-analytic estimates suggested an overall significant increase in the prevalence of alcohol use of approximately 0.3% per year (b = 0.0030) or a net increase of 3.0% per decade. This increase was larger among women (~0.6% per year) and was not significant among men. With respect to race/ethnicity, the largest net increase of nearly 1.0% per year was observed among Blacks, smaller increases were observed for Whites and Hispanics (0.3 and 0.5% per year, respectively), no significant change was observed for the Asian/Pacific Islander group, and a significant decrease in prevalence was observed for Native Americans (b = À0.0040, SE = 0.0017, p = 0.02). The rate of increase in alcohol use varied markedly as a function of age, with no significant increase observed in the 18-to 29-year group. A small but significant increase was observed for the 30-to 49-year group, but much larger increases were observed for the 50 to 64 and 65+ age groups with an annual increase of nearly 1% for the 65 and over group. Differences by educational attainment were comparatively small. Simulated trend lines for past-year alcohol use prevalence using reference data from the NSDUH and calculated based on the meta-analytic trend estimates are plotted in Fig. 3 .
Results of sensitivity analyses, in which each survey was omitted from the meta-analysis while the other 5 were analyzed, are shown in Fig. S1 . Full-sample estimates were relatively insensitive to the omission of any given survey, although there was some variation in estimates for smaller demographic subgroups.
Binge Drinking Episodes
A plot of the prevalence of past-month or past-year binge drinking is provided in Fig. 1B (past month for NSDUH and BRFSS, past year for others). Survey-specific and meta-analytic parameter estimates are shown in Fig. 4 ; parameter estimates are tabulated in Table S5 , with net change parameters provided in Table S6 . Prevalence estimates by demographic group for each survey for years 2002 and 2013 are provided in Table S7 .
The consensus estimate for the rate of increase in proportion reporting 1 or more binge drinking episodes was higher than that for alcohol use: b = 0.0072, which corresponds to a net increase of 7.5% per decade. As with drinking prevalence, a significant increase was observed among women but not for men. Increases in binge drinking prevalence were significant for White, Black, and Hispanic race/ethnicity groups, but not for Asians/Pacific Islanders. There was a significant trend toward lower rates for Native Americans (b = À0.012, SE = 0.0048, p = 0.02). Binge drinking prevalence for both Blacks and Hispanics increased significantly faster than it did for Whites; the increase for both of those minority groups was over 1% per year, whereas that for Whites was approximately 0.6% per year. As was the case for alcohol use prevalence, the magnitude of the increase in binge drinking prevalence was nonsignificant for 18-to 29-year-olds and increased strongly with age. Average annual increases were 1.1% for 30-to 49-year-olds, 2.7% for ages 50 to 64, and 3.4% for individuals aged 65 and over. Differences in the rate of increase in binge drinking prevalence by education was relatively small, although the increase for those with education beyond high school was significantly larger than that for those without a high school education for whom there was no increase (approximately 1.0% annually for postsecondary group vs. 0.0% for less than high school, z = 4.7, p < 0.001). Simulated trend lines using reference data from the NSDUH and calculated based on the metaanalytic trend estimates are plotted in Fig. 5 .
Results of sensitivity analyses examining the impact of each individual survey on the overall results are shown in Fig. S2 . As with the alcohol prevalence analyses, full-sample estimates were relatively insensitive to the omission of any given survey with the exception that omission of the NSDUH would have resulted in larger estimated increases in binge drinking for most demographic groups. For example, omitting the NSDUH would have resulted in significant estimated increases in binge drinking prevalence for both men and 18-to 29-year-olds, whereas estimates for these groups were not significant when all surveys were analyzed.
Between-Survey Differences
Estimates for rates of change in the prevalence of alcohol use and the prevalence of 1 or more binge drinking episodes varied markedly across surveys. In fact, for the 4 surveys with the largest sample sizes (NSDUH, NHIS, BRFSS, NESARC), there was no overlap in the 95% confidence intervals between any 2 surveys for the full-sample analyses of either alcohol use prevalence or binge drinking prevalence. Estimated rates of change were highest for the NESARC, both overall and for individual demographic groups, and lowest for BRFSS, for which estimates suggested downward trends in both alcohol use and binge drinking for most demographic groups. (BRFSS was the only survey to suggest overall downward trends.) For the overall analyses, and for most demographic subgroup analyses, NSDUH estimates deviated the least from the meta-analytic estimates, whereas NESARC estimates deviated the most. The difference between NESARC estimates and meta-analytic estimates was particularly pronounced for binge drinking outcomes. For example, the NESARC estimated a 10-year increase of 38% in the prevalence of binge drinking from 2002 to 2013 (95% CI: 37.2, 39.6) compared with a meta-analytic estimate of 7.5% (95% CI: 4.8, 10.3).
DISCUSSION
Overview of Results
Using a random-effects meta-analysis to synthesize data from 61 administrations of 6 nationally representative surveys of the U.S. adult population covering the years 2000 through 2016, we estimate that the prevalence of past-year alcohol use has been increasing at a relative rate of 0.3% per year and that the prevalence of binge drinking has been increasing at a relative rate of 0.7% per year. The increase in alcohol use was particularly pronounced among women, Blacks, and individuals aged 50 and older; prevalence increased for these groups at more than twice the rate than for the general population. The same groups underwent notable increases in binge drinking, along with individuals aged 30 to 49 and individuals with at least some postsecondary education; all of these groups experienced relative increases in the prevalence of binge drinking of more than 1% per year. For both outcomes, however, it is important to emphasize that the groups that underwent the largest relative increases often had lower baseline rates for alcohol use and binge drinking than comparison groups (see Figs 3 and 5). For example, for both outcomes, prevalence was consistently higher for men than for women, and for younger age groups than older, both at the beginning and at end of the observation period.
The estimates for rates of increase of both outcomes are much smaller than those derived from the analysis of 2 administrations of the NESARC in 2001 to 2002 and 2012 to 2013, which served as the basis of an earlier analysis of trends in drinking outcomes (Grant et al., 2017) . Our analysis of NESARC data yielded an estimated increase in the prevalence of alcohol use of approximately 1% per year, with an increase in prevalence of binge drinking of over 3% per year. These correspond to increases of 11 and 38% per decade, which are 4 and 5 times higher than the meta-analysis estimates, respectively. The NESARC results suggest that increases in both alcohol use and binge drinking have occurred among men and women, all race/ethnicity groups, all ages, and all educational attainment categories. In contrast, the meta-analysis found no increases in the prevalence of either outcome for men, Native Americans, Asians, or individuals aged 18 to 29. Thus, the meta-analysis suggests smaller but still concerning increases in alcohol outcomes and highlights particular demographic groups that underwent especially large increases.
Several methodological differences between the 2001 to 2002 NESARC and the 2012 to 2013 NESARC-III may have contributed to higher prevalence estimates for the latter survey, possibly resulting in NESARC trend estimates that were much higher than those for other surveys. These include the use of private-sector interviewers for NESARC-III in contrast to interviewers from the U.S. Census for the 2001/2002 survey, the introduction of biological sample collection for NESARC-III, changes in survey content, and the use of incentives for the latter survey (Center for Behavioral Health Statistics and Quality, 2017; Grant et al., 2014; Lopez, 2017) . These factors may explain why the NESARC estimates suggested larger increases for both outcomes and for every demographic subgroup than any of the other surveys analyzed. In contrast, NSDUH estimates were closest to the meta-analytic estimates for both outcomes and for the majority of demographic subgroup analyses. The NSDUH conducts in-person interviews with audio computer-assisted self-interview (ACASI), which is less sensitive to social desirability bias. NSDUH survey content and methodology were fairly consistent over the 2002 to 2016 period, which was the period we included here.
Between-Survey Differences
Estimated trends from the 6 survey series were widely discrepant. There are many reasons to expect prevalence estimates to vary from survey to survey related to the wording of questions, social desirability bias, differences in survey coverage, and other factors (Groves et al., 2009; Tourangeau et al., 2000) . One might reasonably assume that the error induced by these factors is relatively constant from year to year; that is, that under a given set of measurement conditions, a proportion of people who actually drink will report doing so and that this proportion should be fairly stable over time. This is clearly not the case here: For the larger surveys (NSDUH, NESARC, NHIS, BRFSS), there was no overlap in confidence intervals between any 2 surveys for full-population trend estimates for either outcome. While this might seem to be a cause for pessimism about alcohol survey research, there are areas of agreement across surveys. For example, estimates of change in both outcomes were consistently more positive for women than for men and for older age groups compared to younger ones. Thus, although there was little consistency in the trend estimates themselves, there was reasonable consistency in the demographic differences among the trends.
Perhaps the main lesson to be drawn is that it is essential to consider more than 1 survey data source whenever possible when drawing conclusions about trends in alcohol use and other health behaviors and to look for areas of concordance across surveys. This is straightforward for alcohol use and smoking, measures of which are contained in all 6 of the surveys described here. Because most of these data sources are publicly available, the meta-analytic approach described here is accessible to all investigators. However, measures of adult illicit drug use are more limited; this is assessed annually by the NSDUH and periodically by the NAS (since 1984) and the NESARC and its predecessor, the National Longitudinal Alcohol Epidemiologic Survey, administered in 1991/1992.
Implications for Public Health
Although the estimates for rates of increase in alcohol use prevalence and binge drinking prevalence are much lower than expected based on the earlier results from the NESARC (Grant et al., 2017) , the fact that these increases are occurring in the context of an aging population raises significant public health concerns. The largest increases for both outcomes were observed among individuals aged 50 and older, and substantial increases in binge drinking were observed for individuals aged 30 to 49. Using NSDUH data, Keyes and Miech (2013) have previously observed that the birth cohorts with the highest rates of binge episodic drinking-adjusting for age and period effects-were born approximately between 1950 and 1984. Similarly, age-period-cohort analyses using NAS data found elevated alcohol use and binge drinking among the 1976 to 1985 birth cohorts (Kerr et al., 2009 (Kerr et al., , 2013 . These individuals were between the ages of 31 and 65 toward the end of our observation period, which may account for the increases in the 30-to 49-and 50-to 64-year age groups. Keyes and Miech (2013) also found that women born between 1935 and 1949 had high rates of binge drinking, particularly in comparison with women born prior to 1935, for whom rates were very low. NAS data also showed higher binge drinking among women in the 1956 to 1960 birth cohort relative to the earlier birth cohorts. These cohort effects may have contributed to the increases in binge drinking among the oldest age group and women. It remains to be seen whether period effects or age-period interactions are responsible for the uptick in binge drinking in these groups. In other words, the increase in binge drinking among adults aged 30 and older may stem from birth cohorts with elevated risk for binge drinking with a continued higher risk as they age, or from a normalization of binge drinking among older age groups, or from a combination of these factors.
Regardless of the specific trend explanations, it is clear that elevated binge drinking rates among older Americans correspond to a significant increase in alcohol-related morbidity. These observations shed some light on the apparent paradox between relatively small increases in per capita alcohol consumption and large increases in alcohol-related health problems (Haughwout and Slater, 2017; Mellinger et al., 2018; Mullins et al., 2017; Yoon and Chen, 2016) . White and colleagues (2018) recently documented a 62% increase in the rate of alcohol-related emergency department visits over the years 2006 to 2015. The largest increases were among individuals aged 45 to 64 and were due to increases in rates of visits for both chronic and acute conditions. Remarkably, baseline rates of visits were also highest for these ages, despite the fact that binge drinking rates are highest among younger age groups (Table S7) . Similarly, Kanny and colleagues (2015) found that 76% of fatal alcohol poisonings occur among men aged 35 to 64. Analyses presented here used different age categorizations than White and colleagues (2018), so we cannot make direct comparisons, but the risk for both alcohol-related injury and chronic illness among binge drinkers appears to increase dramatically as a function of age. Thus, even small absolute increases in rates of binge drinking among older Americans-which correspond to large relative increases-likely account for a substantial increase in alcohol-related injury and disease burden.
Despite being able to derive meta-analytic estimates from a large number of administrations of 6 repeated national surveys, there are several limitations to these findings. The first is the assumption of the random-effects meta-analysis model: that the trend estimates from the surveys are drawn from a theoretical normally distributed sample. In other words, differences between estimates constitute random error rather than bias. It may be that some surveys are inherently better at measuring alcohol-related behaviors than others or that some surveys are more methodologically consistent from year to year than others. Perhaps ideally, some surveys should be weighted more highly than the others. The agnostic meta-analytic approach may not be optimal, but our results underscore the importance of synthesizing data from multiple sources. Relatedly, we emphasize that this analysis of relative change in outcomes over time does not help clarify differences among point-prevalence estimates. The random-effects model assumes all prevalence estimates are influenced by unobservable factors that are specific to each survey. Additionally, we noted that some surveys changed the threshold for women in binge drinking questions and that the BRFSS changed the gateway questions for alcohol use. These changes were dealt with using dummy variables in the regression equation, which necessarily assumes that the same wording change would have had the same effect in any given year. This is a face-valid but ultimately untestable assumption. Finally, we should note that all surveys based on self-reported alcohol use result in substantial underreporting of consumption when compared with alcohol sales data (Kerr and Greenfield, 2007) .
Limitations notwithstanding, the heterogeneity in estimates of alcohol trends is surprising and underscores the importance of quantitative comparison of data from multiple sources when drawing inferences about national trends. Against the backdrop of this heterogeneity, however, surveys consistently found increasing rates of alcohol use for adults aged 50 and over, and increasing rates of binge drinking for adults aged 30 and over, with the largest increases seen in the oldest age group, 65 and over. Despite significant disagreements among survey series, these results leave little doubt that excessive alcohol use among Americans in middle-adulthood and beyond is on the rise, and this observation is concordant with data from other sources. A strong majority of binge drinkers likely do not meet criteria for severe AUD and so these findings do not necessarily portend a large increase in conventional treatment needs (Esser et al., 2014) . Thus, targeted screening and brief intervention may be an effective strategy, particularly when implemented in primary care or emergency department settings, given that utilization of both types of services increase with age (Schappert and Burt, 2006) . Furthermore, it may be important to understand the differential impact by age of various types of policy interventions such as alcohol tax and price increases and restrictions on outlet density and to implement alcohol policies that are most effective at curbing drinking for those in mid-adulthood (Grucza and Plunk, 2016) . Another area for further research and possible intervention is the co-use of alcohol and prescription drugs, particularly other central nervous system depressants such as benzodiazepines and opioids. While the role of interactions involving these drugs in alcohol-related morbidity trends is largely uncharacterized, higher usage with age combined with increasing prescription rates for psychotropic medications over time among U.S. adults in combination with rising rates of binge drinking is clearly a cause for concern (Bachhuber et al., 2016; Hirschtritt et al., 2018; Olfson et al., 2014) . This emerging public health problem warrants a deeper understanding and targeted pragmatic alcohol-related interventions in middle-adulthood and beyond.
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